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Abstract: This study was conducted between 2006 and 2010 and evaluated the changes in avifauna following the
restoration of Cheonggyecheon (Stream) to propose appropriate methods of management. The result of the 5 year
study recorded a total of 46 species and 1,465 individuals (maximum count). Important dominant species included
the domestic pigeon (Columba livia), the most dominant species at 43.8% dominance, followed by the tree sparrow
(Passer montanus) (18.2%), parrotbill (Paradoxornis webbianus) (8.9%), spot-billed duck (Anas poecilorhyncha)
(4.2%) and the mallard (Anas platyrhynchos) (4.2%). Avifauna of Cheonggyecheon (Stream) exhibited an increase
until 2008, then showed a decrease, and this may be caused by the high carrying capacity of Cheonggyecheon
(Stream). In terms of the avifauna of individual sections, the number of species and individuals, species diversity and
species richness increased nearing downstream, and upstream sites (St. 1 - St.3) displayed a high level of similarity.
Water birds were observed in an especially high level in the downstream region. This may be caused by the fact that
the upstream region is characterized by narrow stream width, fast water flow and confined space suitable for
habitation, and the fact that downstream includes larger and more diverse habitats compared to upstream. As
management measures, the upstream region requires the maintenance of shrubs using revetment, and the
downstream region requires the addition of resting grounds for water birds and the expansion of emerging plant
colonies within revetment.
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Introduction
Cheonggyecheon (Stream) is a class I downstream of the
first tributary of Jungnangcheon (Stream) and flows through
Seongbuk-gu, Gangbuk-gu, Dongdaemun-gu, Seongdong-
gu, Jung-gu and Jongno-gu of Seoul to ultimately join
Jungnangcheon (Stream) (Kim, 2005). Cheonggyecheon
(Stream) was covered in the 1960s and in 2003, projects to
recreate the site as a location for historical and cultural
experience, forum for exchange and a resting ground, rather
than a location for traffic and commercial use, were
initiated to be completed in 2005.
 The project for the restoration of Cheonggyecheon
(Stream) was pursued by the city of Seoul, and the project
encompassed the area between the Cheonggyecheon
(Stream) Plaza and Gosanjagyo (Bridge) and incorporated
the repairing and introducing vegetation to the aquatic zone
between Gosanjagyo (Bridge) and Jungnangcheon (Stream).
Cheonggyecheon (Stream) was restored with focus on
removing the area’s overpass and improving the stream’s
ecological capability via introducing channel flow for
maintenance and restoring vegetation in the region. However,
ecological restoration has been severely restricted as a
result of strictly confined surface area and use by the
general public (Cho, 2005). Following the restoration of
Cheonggyecheon (Stream), most studies conducted were
focused on the use by the general public and environmental
factors, such as the aquatic and atmospheric environment
(Choi and Oh, 2008; Sin et al., 2008; Jang et al., 2010).
Ecological studies have included only those related to the
flora and fish fauna after restoration, and no study on the
avian fauna has been conducted (Choi et al., 2008; Kim and
Koo, 2010).
Therefore, this study was conducted in order to examine
the changes in avian fauna of Cheonggyecheon (Stream)
following restoration and to propose methods of management.
Survey area and Methods
Cheonggyecheon (Stream) stretches over approximately
5.8 km of restored area between the Seoul Metropolitan
Government building and Shindapcheolgyo (Bridge) of
Seongdong-gu and is approximately 8km long as it reaches
Jungnangcheon (Stream). 4 study sites were selected; site 1
*To whom correspondence should be addressed.
Tel:+82-42-825-6477
E-mail: okth2000@kienv.co.kr
J. KOREAN NATURE
108 Tae-Han Kang, Seung-Hwa Yoo, In-Kyu Kim, Hae-Jin Cho and Yong-Un Shin
includes the area between the Cheonggyecheon Plaza and
Saebyeokdari (Bridge), site 2 between Saebyeokdari
(Bridge) and Hwanghakgyo (Bridge), site 3 between
Hwanghakgyo (Bridge) and Shindapcheolgyo (Bridge) and
site 4 between Shindapcheolgyo (Bridge) and Jungnangcheon
(Stream) (Fig. 1). Avifauna study was conducted during 5
years, between 2006 and 2010. During the study, birds were
observed while walking along roads or hiking trails
included in the study sites at a pace of 1.5 to 2.0 km per
hour. Bird observed in the roadside trees near Cheonggyecheon
(Stream) and the surrounding roads were confirmed using
binoculars, and the birds' species and individual numbers
were recorded. Futhermore, species determination was
done also via their sounds. Scientific names and English
common names of the birds observed were recorded
according to The Ornithological Society of Korea (2009)
and document by Lee et al. (2000).
The species and the number of individuals observed per
each site were accumulated to determine dominant species
and were analyzed via the following equation. In terms of
the analysis of changes in the number of arriving individuals
of dominant species, monthly maximum count was used.
The number of species, number of individuals, species
diversity and species richness of each site were analyzed
using the Kruskal-Wallis test, and significance test of each
site was also conducted. The SPSS 12.0 program was used
for statistical analysis. Equations used for each index
analysis are as follows.
Dominance (Dom.)=ni/N×100 (%)
ni : number of individuals of a specific species
N : number of individuals of all species
Species diversity (H')= −Σ(ni/N)ln(ni/N)
ni: number of individuals of each species
N: total number of individuals
Species richness (Da) = (s-1)/ln(N)
s: number of species observed
N: total number of individuals observed
Results and Discussion
Avifauna
A total of 46 species and 1,465 individuals (total maximum
count) were observed in the Cheonggyecheon (Stream) area
during the 5 years of the study (2006 to 2010). 24 species
were observed in 2006, and the number increased to a
maximum of 31 species in 2010, but the increase was not
highly significant. 303 individuals were observed in 2006,
and the number increased to a maximum count of 1,277
individuals in 2008, before decreasing (Fig. 2).
Assessed from the yearly appearance ratio of birds during
the 5 years of study in the Cheonggyecheon (Stream) area,
a total of 16 species appeared in all 5 times, 7 species
appeared in 4 times, and 3 species appeared in 3 times.
Fig. 1. Map of study site.
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55.3% of all species observed appeared in at least 3 times of
the 5 years of the study (Appendix 1). Forest bird species
which appeared in all 5 years include the great tit (Parus
major), daurian redstart (Phoenicurus auroreus), brown-
eared bulbul (Hypsipetes amaurotis), tree sparrow and the
parrotbill, and they are all species which can be observed
frequently near residential areas or on hills. Water birds
observed included wintering species found frequently in
Korea, such as the mallard, spot-billed duck, pintail (Anas
acuta) and the green-winged teal (Anas crecca). Effects of
urbanization apply to habitat specialist species and habitat
generalist species differently, and habitat generalists are
able to adapt well to changing habitat environment and thus
are able to live in a wide range of habitat environments
(Lee et al., 2010). Following the Cheonggyecheon (Stream)
restoration, the number of species observed increased, as a
result of stabilization of habitat, but species observed
continuously since the early stages of restoration may be
cosmopolitic species observed in cities. Expecially, it can
be said that species observed frequently in upstream region
are species which were first introduced after the restoration,
and the number of individuals and frequency of observation
of these species during restoration can be used as important
index indicators. Such difference in the habitat use and
appearance may be the result of changes in interfering
factors, changes in habitat preference and differences in
each species' ability to adapt to external factors. As an
example of such phenomenon, the tree sparrow was
observed continuously since 2006 in upstream region
(section 1), but the parrotbill was first observed in 2009.
Furthermore, the mallard and the spot-billed duck were
observed in upstream region (sections 2, 3), but the green-
winged teal was observed only in downstream regions
(section 4).
In terms of main dominant species, the domestic pigeon
exhibited the highest dominance, at 43.8% dominance. This
was followed by the tree sparrow (18.2%), parrotbill
(8.9%), spot-billed duck and the mallard (4.2%) (Fig. 3).
The domestic pigeon was observed as the most dominant
species in the Cheonggyecheon (Stream) area in all years of
the study except for 2006, and other main dominant species
were observed continuously since 2006. In terms of the
annual changes in main dominant species, the domestic
pigeon was not observed in 2006 and was instead observed
beginning in 2007, and it exhibited the decrease in number
following the observation of maximum count in 2008. The
maximum count of the tree sparrow was observed in 2007,
and that of the parrotbill in 2008, years in which they then
began to decrease in number. The spot-billed duck and the
mallard were observed relatively evenly every year (Fig. 4).
The number of species and individuals of forest birds,
Fig. 2. Changes of the number of species and individuals by the maximum counts in Cheonggye Stream.
Fig. 3. Dominant species in Cheonggye Stream, on Seoul Korea. 
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which are not water birds, such as the domestic pigeon, tree
sparrow and the parrotbill, all decreased in number after
increase (Fig. 5). The number of species in upstream region
all decreased after increase between years 2007 and 2008,
but they exhibited the decrease after year 2009 in downstream
regions of St. 4. In St. 2 and St. 3, the number of individuals
displayed decrease after sharp increase. St. 1 and St. 4
exhibited the decrease after steady increase. The increase in
the number of individuals observed in upstream region (St.
1~St. 3) may be the result of the habitat of the tree sparrow
and the parrotbill expanding with the expansion of shrubs
introduced to Cheonggyecheon (Stream). The domestic
pigeon, the most dominant species, can not only reproduce
stably in installations in the understructure or buildings
nearby Cheonggyecheon (Stream), but can also obtain
various food sources in Cheonggyecheon (Stream); such
factors may have led to the increase in the species' number
of individuals (del Hoyo et al., 1997).
Among the species observed, the number of water bird
species increased, but their numbers exhibited increase and
then decrease between years 2007 and 2008 (Fig. 6). In
terms of the individual sites, the number of species and
individuals of water birds increased nearing downstream.
Such increase and decrease in the number of individuals
within the Cheonggyecheon (Stream) area are assessed to
be caused by adjustments to the carrying capacity based on
the environment of Cheonggyecheon (Stream) and migration
of birds. The population density of wildlife is determined
by the habitat's carrying capacity, and carrying capacity is
influenced by components of the habitat (Lee et al., 2010).
Cheonggyecheon (Stream) is not only a stream relatively
too small for the accommodation of a large number of
birds, but is also characterized by a straight shape, which
enables only simplistic and basic aquatic environment.
Furthermore, its vegetation is centered around herb and
shrub. Therefore, the number of individuals increased until
Fig. 4. Changes of dominent species by years in Cheonggye Stream, on Seoul Korea.
Fig. 5. Changes of forest birds (non-waterbirds) by years in Cheonggye Stream.
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2008 as a result of individuals entering from downstream,
but the number adjusted to meet the carrying capacity of
Cheonggyecheon (Stream).
Factors which affect bird migration and distribution
include climate, interfering factors, seasonal migration and
migratory pattern between species. among other factors
(Lee, 2000; Kang et al., 2008). During observational study
on Cheonggyecheon (Stream), there were a number of
factors which promoted the migration of birds, such as the
climate, the presence of interfering factors and changes in
the habitat environment, and such factors have led to
changes in the number of birds inhabiting Cheonggyecheon
(Stream). Species which flock, such as the domestic pigeon,
tree sparrow and the parrotbill, had significant influence on
the changes in the main dominant species of each survey
site and the total number of individuals observed.
Similarity index per site
The result of analysis of the number of species, number of
individuals, species diversity index and species richness
index of each site displayed significant difference among
each site (Kruskal-Wallis test. number of species X 2=
15.034, p<0.01, number of individuals X 2=11.443, p<0.05,
species diversity index X 2=14.703, p<0.01, species richness
index X 2=16.714, p<0.01). Post-test analysis of each site
displayed relatively similar values of number of species,
number of individuals, species diversity index and species
richness in all upstream region sites (St. 1~St. 3) (Fig. 7;
Tukey’s multiple comparison test, p<0.05).
Species and number of individuals observed in a stream
increase with increase in the width of the stream and its
resulting increase in the variety of habitable environment,
and this also applies to species diversity index (Kwon et al.,
2007). In the case of Cheonggyecheon (Stream), St. 1 to St.
3, which are all included in upstream region, have narrow
width, between 20 and 30 m, following the demolition of
buildings and roads, and includes a number of artificial
installments, since the area has been designed as a social
center for the citizens of Seoul. Plants introduced during
restoration were planted only in limited areas. Among the
plants introduced, the pussy willow (Salix gracilistyla) and
the purple willow (Salix purpurea var.) became stabilized
in the area, but they are distributed over a limited area.
Contrastingly, the downstream region of St. 4 is a region
which joins with Jungnangcheon (Stream) and includes a
wide waterside region with trees. The area is characterized
by stream width at least 100 m wide and shoals in parts of
the area, alongside emerging plants, such as the reed
(Phragmites australis), Phragmites japonica and the
common ditch reed (Miscanthus sacchariflorus). Furthermore,
water flow slower than upstream and even depth have been
achieved, and the site marks the joining with Jungnangcheon
(Stream) (Seoul Metropolitan Facilities Management
Corporation, 2010). Plants, such as the reed, pussy willow
and the weeping willow (Salix babylonica L.) found along
the stream, are used as habitats for various bird species, and
a wide range of birds are observed in such regions (Kim,
2008). Furthermore, plant distribution, water depth, stream
width and habitat formation are important factors in
determining bird colony structures (Kwon et al., 2007, Kim
2008). Therefore, it is assessed that the upstream regions
(St.1 ~ St.3) exhibit similar levels of number of species,
number of individuals, species diversity and species richness
as a result of differences in the habitat of each site of
Cheonggyecheon (Stream). The downstream region of St. 4
is located near Jungnangcheon (Stream) and includes wide
stream width, the formation of shoals and high ratio of
water birds as a result of a diverse range of vegetation.
Methods of management
Kim and Koo (2005) have stated that frequent visit by
people damage avian habitation and proposed that hiking
and bicycle trails be placed far away from waterside,
entrances to certain areas be limited or that avian habitation
be created in such restricted areas as a solution. Kwon et al.
(2007) have stated the need to establish a range of water
Fig. 6. Changes of waterbirds by years in Cheonggye Stream.
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depth, sand and pebble fields as resting grounds in order to
protect and manage water birds of the stream.
The vegetation of Cheonggyecheon (Stream)’s upstream
region has been stabilized and has provided suitable living
conditions for the tree sparrow and the parrotbill. Forest
birds and waterside plants maintain a very close relationship,
and waterside bush and shrubs not only function as bird
habitats, but also as channels connecting to nearby habitats
(Kim, 2008). Therefore, bush removal and other damages
to the habitat promote changes in the number of individuals
of the tree sparrow and the parrotbill (Kim, 2008; Kim and
Koo, 2003). Plant removal during the winter is conducted
in Cheonggyecheon (Stream) as a management measure.
This not only disables inhabitation by bird species observed
in the upstream region, including the tree sparrow and the
parrotbill, it also makes movement between upstream and
downstream impossible, which ultimately disables small
birds from entering upstream from downstream. Therefore,
it is more appropriate to remove vegetation from the
revetment of one site, rather than from both sides, and to
provide either resting grounds or connecting bridge
between upstream and downstream in the revetment with
vegetation. The downstream region of St. 4 is characterized
by the joining with Jungnangcheon (Stream), so the site is
significant in terms of both its value as a bird habitat and its
importance as an ecological channel connecting Jungnangcheon
(Stream), Han River and the Seoul Forest. However, the
area lacks sufficient resting space for family Anatidae (sand
and pebble fields), and the stream's straight form with even
depth have led to low levels of areas possible for their
stable rest and feeding. Therefore, the Cheonggyecheon
downstream of St. 4 is predicted to need sand or pebble
fields in order to create varying water depth. The addition
of sand and pebble fields will not only provide resting and
feeding ground of water birds, but will also provide the
connection which enables movement from downstream to
upstream. Furthermore, emerging plants found in the St. 4
downstream revetment have become nesting grounds for
the spot-billed duck, little grebe (Podiceps ruficollis) and
the great reed warbler (Acrocephalus orientalis), as well as
habitat for forest birds, and the plants have also began to
function as a bridge for movement from downstream to
upstream. Therefore, the expansion of emerging plant
colonies of revetments play an important role in increasing
the number of bird species and individuals and stabilizing
habitat (provision of nesting and resting grounds). Such
habitat formation and ecological bridge will lead to a wider
range of habitats and increased species diversity within
Cheonggyecheon (Stream). It is predicted that the vegetation
of the upstream region (St. 1 ~ St. 3) revetment will function
Fig. 7. Comparison of number of species and individuals and index (mean±SE) among each Site in CheongGye Strem, in Seoul, Korea.
Different alphabets indicate significant difference between Site based on the Tukey’s multiple comparison test (p<0.05).
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as an ecological bridge and work with the increase in the
biodiversity of the downstream region to ultimately promote
species diversity within Cheonggyecheon (Stream).
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Appendix 1. Bird commumity in cheonggye Stream
Species
Years
Max. Dom.
2006 2007 2008 2009 2010
Aix galericulata 1 1 <1.0
Anas falcata 8 8 <1.0
Anas platyrhynchos 26 37 61 30 32 61 4.2 
Anas poecilorhyncha 61 25 31 28 21 61 4.2 
Anas acuta 2 2 2 <1.0
Anas crecca 8 2 13 2 3 13 <1.0
Aythya ferina 12 12 <1.0
Aythya fuligula 1 3 3 <1.0
Mergus merganser 20 15 3 20 1.4 
Tachybaptus ruficollis 7 2 24 14 7 24 1.6 
Nycticorax nycticorax 1 4 5 2 5 <1.0
Butorides striata 1 2 2 <1.0
Ardea cinerea 12 2 9 18 5 18 1.2 
Ardea alba modesta 5 1 4 2 4 5 <1.0
Egretta garzetta 2 2 2 4 2 4 <1.0
Phalacrocorax carbo 3 5 6 3 2 6 <1.0
Falco tinnunculus 1 2 1 1 2 <1.0
Buteo buteo 1 1 <1.0
Tringa ochropus 1 1 <1.0
Larus crassirostris 14 1 8 3 4 14 <1.0
Larus vegae 1 5 3 1 5 <1.0
Streptopelia orientalis 3 1 3 <1.0
Alcedo atthis 1 2 3 1 3 <1.0
Lanius bucephalus 1 1 <1.0
Oriolus chinensis 2 2 <1.0
Pica pica 10 26 15 13 12 26 1.8 
Corvus corone 1 3 1 3 <1.0
Corvus macrorhynchos 1 1 <1.0
Parus major 9 7 10 2 4 10 <1.0
Parus ater 1 3 3 <1.0
Parus palustris 4 4 2 4 <1.0
Hirundo rustica 11 12 10 5 4 12 <1.0
Aegithalos caudatus 13 13 <1.0
Microscelis amaurotis 17 13 33 32 8 33 2.3 
Acrocephalus orientalis 4 4 <1.0
Phylloscopus inornatus 2 2 <1.0
Paradoxornis webbianus 18 20 75 130 92 130 8.9 
Phoenicurus auroreus 1 6 18 6 5 18 1.2 
Muscicapa griseisticta 1 1 <1.0
Passer montanus 89 180 266 150 103 266 18.2 
Motacilla cinerea 1 1 <1.0
Motacilla alba lugens 2 4 4 1 4 <1.0
Emberiza cioides 1 1 <1.0
Emberiza elegans 4 4 <1.0
Emberiza spodocephala 10 10 <1.0
Columba livia 302 642 394 241 642 43.8 
No. of species 24 24 29 31 31 46
No. of individuals 303 667 1277 879 602 1,465
Species diversity(H') 2.36 1.77 1.81 1.92 2.10 2.16 
